We report a new tetrameric supramolecular Cu(II) complex (Cu 4 L 4 = tetrakis(N,N'-bis(salicylidene)-2,2'-ethylenedianiline)Copper(II)) with a Schiff-base ligand (H 2 L = N,N'-bis (salicylaldimine)-1,2-ethylenediamine) containing two N,O-bidentate chelate groups. Though the copper sites of Cu 4 L 4 are non-coupled, the complex exhibits a unsually high catecholase-like activity (k cat = 935 h −1 ) when the Cu 4 L 4 solution is treated with 3,5-di-tert-butylcatechol (3,5-DTBC) at basic condition in the presence of air. Combined information obtained from UV-VIS and EPR measurements could lead the suggestion of the reaction pathway in which the substrate may bind to Cu(II) ions by anti-anti didentate bridging mode.
Introduction
Multicopper enzymes containing more than one copper ion in their active sites are widely utilized in nature for transporting copper ions, transferring electrons, activating dioxygen molecules, and catalyzing many reactions.
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Catechol oxidase, one of the multicopper enzymes, is a type-3 copper protein which catalyzes the oxidation of catechols to the corresponding o-quinones. 4 The active site of the enzyme contains a dinuclear copper center. Each copper ion is coordinated by three histidine nitrogen atoms, joined by a hydroxy bridge with Cu(II)-Cu(II) distance of 2.9 Å in the oxidized (met) form. But in the reduced (deoxy) form, the Cu(I)-Cu(I) separation increases to 4.4 Å and a water molecule coordinates to one of the copper ions. [4] [5] [6] [7] Numerous model compounds for this enzyme have been reported. 4, [8] [9] [10] [11] [12] [13] All over these works, the effect of various structural factors on the catecholase activity has been analyzed, but up to now there are no concluding results that could recognize the structural features that enhance catalytic activity. One of the ways to understand the nature of the multicopper enzymes is the construction and characterization of model compounds. Recent development of metal-assisted self-assembly has made enormous success in mimicking the multicopper enzymes.
14, 15 We have synthesized a new Schiff-base ligand (H 2 L = N,N'-bis(salicylaldimine)-1,2-ethylenediamine) containing two N,O-bidentate chelate groups linked by a spacer. By controlling the length and rigidity of the spacer, we could successfully build a tetrameric supramolecular Cu(II) complex (Cu 4 L 4 = tetrakis(N,N'-bis(salicylidene)-2,2'-ethylenedianiline)Copper(II)). Single crystal X-ray crystallography of Cu 4 L 4 revealed that the copper sites were non-coupled, however, the complexes showed unexpectedly-high catecholase-like activity when Cu 4 L 4 was treated with 3,5-ditert-butylcatechol (3,5-DTBC) in the presence of air at basic condition. In this paper, we report the structure and catecholase-like activity of the complex investigated by UV/VIS and electron paramagnetic resonance (EPR) spectroscopies.
Experimental
Synthesis of N,N'-Bis(salicylidene)-2,2'-ethylenedianiline (H 2 L). The ligand, H 2 L, was prepared by slight modification of the literature method. 16 A solution of salicylaldehyde (0.75 g, 6.0 mmol) dissolved in 5 mL of dry toluene was added to a magnetically-stirred solution of 2,2'-ethylenedianiline (0.66 g, 3.0 mmol) dissolved in 20 mL of dry toluene. The mixture solution was refluxed for 2 h. Yellow solid products were washed several times with methanol and dried under a vacuum at ambient temperature. X-Ray Crystallography. X-ray data for Cu 4 L 4 ·4CH 3 OH was collected on a Bruker SMART APEXII diffractometer equipped with graphite monochromated MoK α radiation (λ = 0.71073 Å). Preliminary orientation matrix and cell parameters were determined from three sets of ω scans at different starting angles. Data frames were obtained at scan intervals of 0.5 o with an exposure time of 10 s per frame. The reflection data were corrected for Lorentz and polarization factors. Absorption corrections were carried out using SADABS. 17 The structures of Cu 4 L 4 ·4CH 3 OH was solved by direct methods and refined by full-matrix least-squares analysis using anisotropic thermal parameters for nonhydrogen atoms with the SHELXTL program.
18 All hydrogen atoms were calculated at idealized positions and refined with the riding models. A summary of the crystal and some crystallographic data for Cu 4 L 4 ·4CH 3 OH are listed in Table  1 . Crystallographic data for the structures reported here have been deposited with CCDC (Deposition No. CCDC-891321). These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc. cam.ac.uk/data_request/cif. EPR Experiment. X-band (9 GHz) electron paramagnetic resonance (EPR) spectra were collected on a Jeol JES-TE300 ESR spectrometer using a 100 kHz field modulation. Low temperature spectra were obtained using a Jeol ES-DVT3 variable temperature controller. The spectral simulations were performed using the program EasySpin.
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Results and Discussion
The ligand, H 2 L, used for synthesizing Cu 4 L 4 was prepared by slight modification of the literature method. 16 A gold matte powder of Cu 4 L 4 ·4(CH 3 OH) was obtained by adding a methanolic solution of Cu(ClO 4 ) 2 ·6H 2 O into a methanolic solution of H 2 L (Scheme 1). 1.321 and −0.920
Scheme 1 Figure 1 . ORTEP diagram of Cu4L4 with 33% probability ellipsoids and atom numbering scheme. Hydrogen atoms have been omitted for clarity. Table 2 . Four Cu(II) ions are arranged to form a distorted tetrahedron as depicted in Figure 2 ), 14 so that the activity and reaction rate, respectively, could be determined using UV-VIS spectroscopy. Figure 3 shows the change of UV-VIS spectra at room temperature upon adding 4. The kinetic study of the oxidation of 3,5-DTBC by Cu 4 L 4 was carried out using the initial rate method (Figure 4 ). ) observed from Cu 4 L 4 is comparable to those with moderate to high catecholase activities. [8] [9] [10] [11] [12] [13] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] It is noticeable that the four copper ions are non-coupled in Cu 4 L 4 whereas most model complexes with high catecholase activities are di-or tri-nuclear copper 
complexes.
During the catalytic oxidation of 3,5-DTBC in some model complexes, H 2 O 2 have been often detected, which gave insight into the reaction pathway. 4, 42, 43 For further understanding of oxidation pathway of 3,5-DTBC by Cu 4 L 4 , we have tested the formation of H 2 O 2 using iodometric method. M. EPR experimental conditions: microwave frequency, 9. Figure 5 .
For further investigation of the reaction pathway, ERP measurements were also performed during the course of the oxidation of 3,5-DTBC by Cu 4 L 4 . Figure 6 shows the spectra obtained from 3 × 10 Cumulative information obtained from the UV-VIS and EPR measurements could lead the suggestion of the reaction pathway of the catecholase-like activity as depicted in Figure 7 . The catecholase-like activity of the complex was not observed without increasing pH of the reaction mixture by adding aqueous sodium hydroxide. Upon addition of aqueous sodium hydroxide into the solution of Cu 4 L 4 , EPR spectrum was changed from its original spectrum to Figure  6 (a), implying the Cu(II) coordination environments were modified by hydroxide ion, which activated the complex for the catalytic action (Cu 4 L 4 -OH). When 3,5-DTBC was added, EPR spectrum was slightly changed while most of its EPR features remained the same (Figure 6(b) ). Considering ca. 7 Å of the distances between two nearby Cu(II) ions, it is a good fit for 3,5-DTBC ), the substrate kicks out hydrogen peroxide to form Cu 4 L 4 -DTBC. More detailed mechanistic studies using high resolution ESI-MS are underway.
Conclusion
In summary, we have designed a Schiff-base ligand, H 2 L, containing two N,O-bidentate chelate groups linked by a spacer to build a tetrameric supramolecular Cu(II) complex, Cu 4 L 4 . Single crystal X-ray crystallography of Cu 4 L 4 revealed that the copper sites were non-coupled and arranged to form a distorted tetrahedron. The complex exhibited a catecholase-like activity when the Cu 4 L 4 solution in acetonitrile was treated with 3,5-di-tert-butylcatechol (3,5-DTBC) at basic condition in the presence of air. Kinetic investigation found an unusually high catecholase-like activity of the complex though the copper sites are uncoupled. Combined information obtained from UV-VIS and EPR measurements could lead the suggestion of the reaction pathway in which the substrate may bind to Cu(II) ions by anti-anti didentate bridging mode. More detailed mechanistic studies using ESI-MS are underway.
